To save energy, the European directives from the Eco-design of Energy Using Products (2005/32/CE) have recommended the replacement of incandescent lamps by more economic devices such as Light Emitting Diodes (LEDs). However, the emission spectrum of these devices is enriched in blue radiations, known to be potentially dangerous to the retina. Recent studies showed that light exposure contributes to the onset of early stages of age-related macular degeneration (AMD). Here, we investigate, in albinos and pigmented rats, the effects of different exposure protocols. Twenty-four hours exposure at high luminance was compared to a cyclic (dark/light) exposure at domestic levels for 1 week and 1 month, using different LEDs (Coldwhite, blue and green), as well as fluorocompact bulbs and fluorescent tubes. The data suggest that the blue component of the white-LED may cause retinal toxicity at occupational domestic illuminance and not only in extreme experimental conditions, as previously reported. It is important to note that the current regulations and standards have been established on the basis of acute light exposure and do not take into account the effects of repeated exposure. Ó 2016 Published by Elsevier Ltd on behalf of IBRO.
Acute exposure protocol: rats were kept in the normal cyclic light of the animal facilities for 3 weeks. Before exposure to LEDs on the device seen on panel A, they were dark-adapted and their pupils were dilated with atropin before LED exposure (6000, 1500, 1000 or 500 lx). After 24 h of exposure they were returned to the animal facility for 7 days and then sacrificed. (C) Long term exposure protocol: After the same stabulation period than before, the rats were exposed in the LED device, cyclically (12 h dark/ 12 h light, 500 lx) for one week or 1 month and then sacrificed. successive bathes of infiltration resin and ethanol (1:1). 144 Finally, they were embedded in the same resin with 145 catalyzer. 5-lm-thick sections were placed at 37 146 degrees for 24 h and then stained with toluidine blue 147 and incubated at 37 degrees for 24 h before microscope 148 observation and photography. 149 Photoreceptor quantification was done by counting for 150 each retinal section the number of nuclei in the outer 151 nuclear layer (ONL) from the optic nerve each 0.5 mm 152 (0.5, 1, 1.5, 2, 2.5, 3, 3.5 and 4 mm) in both directions 153 (superior and inferior retina). Mosaic pictures were done 154 for masked counting. 155 Immunofluorescence and TUNEL assay After 24 h of light exposure at 6000 lux, a clinical 245 difference was observed between rats exposed to white 246 LEDs as compared to rats exposed to other light 247 sources. In LED-exposed rats an important edema of 248 the eyelids and the conjunctiva, as well as the face of 249 the animals was observed (not shown). 250 Under these conditions a significant loss of 251 photoreceptors was observed in the superior retina of 252 both LE and W rats with all types of light sources 253 ( Fig. 2A, B ). At this light intensity, loss of photoreceptors 254 cells was also observed at a lesser extent in the inferior 255 part of the retina. The loss of cells was significantly less 256 in pigmented (LE) rats as compared to albino (W) rats 257 (not shown). In LE rats, white LED, CCFL and CFL 258 induce similar loss of photoreceptors in the superior 259 retina ( Fig. 2A ), but in W rats, the most important loss of 260 cells was induced by CCFL (fluorescent tube) ( Fig. 2B ). 261 Interestingly, W rats seem less sensitive to CFL than to 262 other devices and less sensitive to CFL than LE rats 263 ( Fig 2B) . Evans rats (N = 4) were exposed for 24 h to 6000 lux white light. One week after the exposure the animals were sacrificed as described on Fig. 1B . Afterward, the eyes were fixed, included in paraffin, sectioned and stained with hematoxiline-eosine (lower part of both panels). The photoreceptors' nuclei were counted in the superior and inferior retina. The light was obtained using either a LED, a CCFL or CFL source. (A) Long Evans rats, (B) Wistar rats. ( * p < 0.05, ** p < 0.01, *** p < 0.001, SEM were used for graph and SD for statistical work. Significance was evaluated using the Conover-Inan statistical test). In lower images the Scale bar = 50 lm. Wistar or Long Evans rats (N = 4) were exposed for 24 h to white LED light (6000 lux). One week after the exposure, the animals were sacrificed as described on Fig. 1B . Afterward, the eyes were fixed, included in OCT, cryo-sectioned and immunolabeled using different antibodies. NE: retinas from non-exposed animals used as control, LED: retinas from rats exposed to white LEDs. DAPI-GFAP row shows GFAP labeling in green counterstained with DAPI in blue. green LEDs induced damage also in the inferior retina 371 (Fig. 8B) . In contrast, LE-pigmented rats did not present 372 any significant retinal cell loss under these conditions 373 (Fig. 9A, B ) (the number of photoreceptors' nuclei were 374 compared to rats exposed to CFL that had no effect on 375 photorecpetors' number, see Fig.  3 ). The ) were exposed for 24 h to different luminance of white LED or to CFL 500 lx. One week after the exposure the animals were sacrificed as described on Fig. 1B . Afterward, the eyes were fixed, included in paraffin, sectioned and stained with hematoxiline-eosin (lower part of both panels). The photoreceptors' nuclei were counted in the superior and inferior retina. The light was obtained using either a LED source or a CFL source. (A) Long Evans rats, (B) Wistar rats. ( * p < 0.05, ** p < 0.01, *** p < 0.001, SEM were used for graph and SD for statistical work, Significance was evaluated using the Conover-inan statistical test). Fig. 4 . Modifications induced in GFAP expression, rods, cones and inflammatory cells by exposure to CCFL or CFL: Wistar (W) or Long Evans (LE) rats (N = 4) were exposed for 24 h to CCFL or CFL light (6000 lux). One week after the exposure the animals were sacrificed as described on Fig. 1B . Afterward, the eyes were fixed, included in OCT, cryo-sectioned and immunolabeled using different antibodies. Control images for these labeling can be seen on Fig. 3 . DAPI-GFAP row shows GFAP labeling in green counterstained with DAPI in blue. Rho4D2 row shows labeling of rods, PNA row labeling of cones. The lower row was labeled with anti-Iba1 in green and anti-ED1 in red, unveiling macrophages and microglia. Cells immunohistochemical analysis of these retinas, exposed 377 to 1-month cyclic illumination, showed a conserved 378 Rho4D2 labeling in LE rats, a decrease of 379 photoreceptors's outer segment in W rats that include a 380 loss or an alteration of cones when exposed to blue or 381 green lights (Fig. 10) . Interestingly, the results shown on 382 Fig. 9 and the rhodopsin and cones labeling in Fig. 10   383 suggested that, using the present protocol, we did not 384 induce any damage to the retina of pigmented rats. 385 However, when analyzing the expression of GFAP it 386 appeared that exposure to green LED did not change 387 the expression of this protein as compared to the 388 control (see Fig. 3 ), while exposure to white LEDs and 389 blue protein even in LE rats. or Long Evans (LE) rats (N = 4) were exposed for 24 h to white LED (500 and 1500 lx). One week after the exposure the animals were sacrificed as described on Fig. 1B . Afterward, the eyes were fixed, included in OCT, cryo-sectioned and immunolabeled using different antibodies. Control images for these labeling can be seen on Fig. 3 . DAPI-GFAP row shows GFAP labeling in green counterstained with DAPI in blue. Rho4D2 row shows labeling of rods, PNA row labeling of cones, Insets show details of the Mu¨ller cells expansions. Scale bar = 20 lm. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 7 . Leakage of the outer retinal barrier. Wistar or Long Evans rats (N = 4) were exposed for 24 h to white LEDs at 1500 lx. One week after the exposure the animals were sacrificed as described on Fig. 1B . Afterward, the eyes were fixed, included in OCT, cryo-sectioned and immunolabeled using anti rat serum albumin. NE, non-exposed control rats; LED, LED-exposed rats. White arrows indicate the regions of leakage. Scale bar = 25 lm. Inflammatory reaction seemed more diffuse all over the 456 retina in LED-exposed W rats as compared to LE rats 457 but this was not specifically quantified. This could be 458 related to the necrotic cell death observed when albino 459 rats were exposed to blue-light containing LEDs 460 (Jaadane et al., 2015) or to an enhanced inflammatory 461 reactivity of this particular rat strain. More surprisingly, 462 after 24hrs of continuous exposure of rats with dilated 463 pupils, to white-cold LED at 500 lux, a significant reduc-464 tion of ONL thickness was found not only in albinos but 465 also, to a lesser extent in pigmented rats. Obviously, in 466 physiologic conditions, when exposed to light, pupil con-467 striction very efficiently reduces retinal exposure, protect-468 ing from toxicity (Sliney, 2005) . This was confirmed by the 469 absence of ONL reduction when pigmented rats were 470 submitted to same lighting conditions but without dilation 471 of the pupil (Figs. 8 and 9 ). It is important to note that in 472 dilated conditions, at the same illuminance, CFL did not Evans rats (N = 4) were exposed cyclically to 500 lx of white, green or blue LED light for 1 month. After the exposure, the animals were sacrificed as described on Fig. 1C . Afterward, the eyes were fixed, included in OCT, cryo-sectioned and immunolabeled using different antibodies. Control images for these labeling can be seen on animals under these lighting conditions. However, in addi-523 tion to impaired retinal function, some other oxidative Fig. 11 . Modifications induced in scotopic full-field electroretinogram by the exposure of a cyclic with LED (500 lx) for one month. The scotopic amplitudes of a-and b-waves and implicit times of the same ERG waves were represented as the delta (variation) between exposed and nonexposed animals. Scotopic ERG were recorded before and after illumination. Following an overnight dark-adaptation, animals were anaesthetized and their pupils dilated; stimuli consisted of light flashes of nine increasing intensities delivered through a Ganzfeld bowl (0.000-10 cd.s.m 2 here expressed in log scale intensities, Siem Biomedicale). Responses to five flashes per intensity were averaged (Visiosystem software). Mean variation of the a-(left column) and b-waves (right column) amplitudes (first row) and implicit times (second row) were compared between albino Wistar (W, white dots) and pigmented (LE, black dots) rats. As the a-wave is a negative wave, a positive variation is an alteration of the a-wave amplitude. As the b-wave is a positive wave, a negative variation is an alteration of the b-wave amplitude. Here, both scotopic a-and b-waves' amplitudes are impaired by white LED illumination, in albino (W) as well as in pigmented (LE) 
